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PATENT 

ATTORNEY DOCKET NO*: 07653/020001 

TRENCH ISOLATION FOR SEMICONDUCTOR DEVICES 

Background 

The present invention relates generally to 
semiconductor devices and, more particularly, to trench 
isolation process technology for use in memory, image, logic 
and other semiconductor devices. 

Implementing electronic circuits involves connecting 
isolated devices or circuit components through specific 
electronic paths. In silicon integrated circuit (IC) 
fabrication, it is necessary to isolate devices that are 
formed in a single substrate from one another. The 
individual devices or circuit components subsequently are 
interconnected to create a specific circuit configuration. 

As the density of the devices continues to rise, 
parasitic inter-device currents become more problematic. 
Isolation technology, therefore, has become a critical 
aspect of integrated circuit fabrication. 

For example, dynamic random access memory (DRAM) 
devices generally comprise an array of memory cells for 
storing data and peripheral circuits for controlling data in 
the memory cells. Each memory cell in a DRAM stores one bit 
of data and consists of one transistor and one capacitor. 
Within the array, each memory cell must be electrically 
isolated from adjacent memory cells. The degree to which 
large numbers of memory cells can be integrated into a 
single IC chip depends, among other things, on the degree of 
isolation between the memory cells. 

Similarly, in metal-oxide-semiconductor (MOS) 
technology, isolation must be provided between adjacent 
devices, such as NMOS or PMOS transistors or CMOS circuits, 
to prevent parasitic channel formation. CMOS circuits can 
be used, for example, to form the pixels in a photosensitive 
imaging device and must be isolated from one another. In 



the case of CCD or CMOS imagers which are intentionally 
fabricated to be sensitive to light, it is advantageous to 
provide both electrical. and optical isolation between 
pixels . 

5 Shallow trench isolation (STI) is one technique 

which can be used to isolate devices such as memory cells or 
pixels from one another. In general, a trench is etched 
into the substrate to provide a physical barrier between 
adjacent devices. Refilled trench structures, for example, 
10 consist essentially of a sub-micron recess formed in the 
silicon substrate by a dry anisotropic or other etching 
process. The recess is filled with a dielectric such as a 
chemical vapor deposited (CVD) silicon dioxide (Si0 2 ) . The 
filled trench then is planarized by an etchback process so 
LJ15 that the dielectric remains only in the trench and its top 
;^ surface level with that of the silicon substrate. 

Refilled trench isolation is sometimes categorized 
according to the dimensions of the trench: shallow trenches 
B (less than about 1 micron) , moderate depth trenches (1-3 

^20 microns), and deep narrow trenches (greater than 3 microns 
l* t \ deep, less than 2 microns wide) . Shallow trench isolation 

111 is used, for example, to isolate devices. 

if? 

3 To enhance the isolation further, ions can be 

implanted in the silicon substrate in the area directly 

25 beneath the trench. However, as noted, for example, in S. 
Nag et al . , "Comparative Evaluation of Gap-Fill Dielectrics 
in Shallow Trench Isolation for Sub-0.25 jim Technologies," 
IEEE I EDM, pp. 841-844 (1996) , some ion implants can result 
in high current leakage. In particular, when ions are 

30 implanted in the substrate close to the edges of the trench, 
current leakage can occur at the junction between the active 
device regions and the trench. Similarly, if the trench is 
shallow, then a photon impinging on a particular pixel of a 

- 2 - 



photosensitive device may diffuse under the trench isolation 
structure to an adjacent pixel, resulting in detection 'of 
the photon by the wrong- pixel. Accordingly, it is desirable 
to improve the trench isolation techniques to address those 
5 and similar problems. 

Summary 

In general, according to one aspect, a method of 
fabricating an integrated circuit includes forming an 
isolation trench having a bottom and sidewalls in a 
10 semiconductor substrate and partially filling the trench 

with a dielectric material so that at least the sidewalls of 
the trench are coated with the dielectric material. Ions 
are implanted into the substrate in regions directly below 
the isolation trench after partially filling the trench with 
15 the dielectric material. 

The dielectric along the sidewalls of the trenches 
can serve as a mask so that substantially all of the ions 
implanted below the isolation trenches are displaced from 
the active regions. After the ions are implanted in the 
HI 2 0 substrate below the trenches, the remainder of the trench 
Ui can be filled with the same or another dielectric material. 

Various implementations include one or more of the 
following features. In general, the energy of the ions and 
the thickness of the dielectric layer can be selected so 
25 that the dielectric layer along the sidewalls of the trench 
serves as a mask that prevents ions from becoming implanted 
in the substrate in a vicinity near edges of the trenches. 
Depending on the particular application, shallow and/or deep 
ion profiles can be implanted into the substrate. 
30 Partially filling the trench with a dielectric 

material can include growing an oxide layer such as silicon 
dioxide or depositing an insulating material using chemical 
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vapor deposition or a combination of thermal growth and 
chemical vapor deposition. Preferably, the dielectric layer 
has a sidewall thickness less than about forty percent the 
width of the trench. 

The trench isolation technique can be used to 
fabricate a variety of integrated circuits which can include 
devices that exhibit reduced current leakage and/or reduced 
optical cross-talk. Integrated circuits including imaging 
devices, such as CMOS imagers and CCD imagers, memory 
devices, such as DRAMs, and logic devices are representative 
of devices that can be formed according to the invention. 
More generally, the techniques described by this invention 
can be used to provide isolation for an active region on any 
semiconductor device. Impurity-doped regions can be formed 
in the active regions and may include, for example, storage 
nodes for a memory device, photosensitive elements for an 
imaging device, or active elements for a logic device, as 
well as others active semiconductor elements. 

In some implementations, shallow ion implants are 
provided to establish field threshold voltage implants to 
improve the electrical isolation between active areas. Deep 
implants can be provided, for example, to reduce the optical 
cross- talk between adjacent photosensitive pixels in CMOS or 
CCD imagers . 

Other features and advantages will be readily 
apparent from the following detailed description, the 
accompanying drawings, and the claims. 

Brief Description of the Drawings 
FIG. 1 is a cross-section of an exemplary semi- 
conductor device with a photolithographic mask for the 
formation of trench isolation regions. 



FIG. 2 is a cross-section of the device with 
isolation trenches formed therein. 

FIG. 3 is a cross-section of the device after the 
trenches have been partially- filled with a dielectric 
5 according to the invention. 

FIG. 4 is a cross-section of the device during an 
ion implant according to the invention. 

FIG. 5 is a cross- section of the device during an 
ion implant according to another embodiment of the 
10 invention. 

FIG. 6 is a cross- section of the device after the 
trenches have been completely filled according to the 
invention . 

FIGS. 7-8 illustrate subsequent acts in the 
yi5 fabrication process of the device. 

J: FIG. 9 illustrates an exemplary DRAM incorporating 

m the invention. 

u Jl FIG. 10 illustrates an exemplary imager incorpora- 

55 ting the invention. 

m20 Detailed Description 

yl Referring to FIG. 1, a silicon or other semi- 

conductor wafer 10 includes a bulk substrate region 12. 
Typically, ions are implanted in the substrate 12 to form n- 
type wells and p-type wells which define the locations of 
25 the n-channel and p-channel devices 26. For example, the 
substrate 12 can be implanted with a p-type dopant such as 
boron (B) to form a p-well 13. For ease of illustration, 
the figures show active areas and STI field isolation 
regions in a single well type. However, in general, the 
30 invention is applicable to other semiconductor device 

isolation regions such as n-well and p-well regions in p- 
type substrates, n-type substrates and epitaxial substrates, 
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including p on p+, p on p-, n on n+, and n on n- . In some 
implementations, the substrate 12 can comprise gallium 
arsenide (GaAs) or other semiconductor materials such as 
InP, CdS, CdTe and the like. 
5 A layer of pad oxide 14 is provided atop the 

substrate 12, for example, either by deposition or by 
oxidizing conditions. A sacrificial layer 16 such as Si 3 N 4 
is provided over the pad oxide layer 14 and defines an outer 
surface 18. A mask 20, such as a layer of photoresist, then 
10 is deposited and patterned as shown. The mask 20 can be 
patterned by conventional photolithographic techniques. 

Referring to FIG. 2, the sacrificial layer 16 and 
the pad oxide layer 14 are etched by a dry etch process. 

O 

J The etch process is allowed to continue into the substrate 

Wl5 12 to form one or more trenches 22. In one implementation, 
the trenches 22 extend into the substrate 12 to a depth of 
1«& about 1,000 to about 8,000 A. An anisotropic etch such as a 

'1: plasma or reactive ion etch (RIE) process can be used as the 

i, dry etch. The mask 20 then is removed by wet or dry 

5^2 0 stripping of the photoresist. 

fy Next, referring to FIG. 3, the trenches 22 are 

Ul partially filled with a dielectric material 24. Suitable 

dielectric materials include oxides such as silicon oxide 
(Si0 2 ) . The oxide can be formed by thermally growing a thin 
25 layer of Si0 2 over exposed areas of the substrate and 

subsequently depositing another layer of Si0 2 by a chemical 
vapor deposition (CVD) technique. The thermally-grown oxide 
layer serves to pacify the silicon surfaces of the bulk 
substrate 12 from the subsequently deposited CVD oxide. 
30 According to one embodiment, the dielectric layer 24 

is substantially conformal- In other words, the thickness 
of the dielectric layer 24 is substantially the same along 
the sides and at the bottom of the trenches 22, as well as 
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above the active regions 2 6 of the device. For example, 
using trenches 22 having a width of about 3,000 A arid a 
depth of about 3,500 A into the substrate 12, an oxide 24 
having a thickness of about 100 to about 1,200 A can be 
5 provided. The width of the gap that exists between opposite 
walls 28 of the trench 22 after the oxide 24 has been grown 
is, therefore, about 600 to about 2,800 A. In general, the 
thickness of the oxide layer 24 along the sidewalls 28 
should be at least about 100 A. In general, the thickness 
10 of the oxide 24 along the sidewalls 28 should not be greater 
than about forty percent the original width of the trench 
22 . 

Once the trenches 22 have been partially filled with 

iL.il 

the dielectric 24, a masked ion implant is performed to 
UJ 15 implant ions in the areas of the substrate 22 directly 
* m beneath the trenches 22 as shown in FIG. 4. For example, in 

H the case of a p-type substrate 12 with p-wells, p-type ions 

"~ such as boron (B) can be implanted in the substrate using a 

* photoresist mask 30. Similarly, in the case of a p-type 

!=f 20 substrate 12 with n-wells, n-type ions such as phosphorous 
m (P) / arsenic (As) or antimony (Sb) can be implanted. 

Performing the isolation ion implant while the 
,S trenches 22 are only partially filled with an oxide or other 

dielectric 24 allows the oxide along the trench walls 28 to 
25 serve as a mask that prevents the ions from becoming 

implanted in the substrate near the edges of the trenches. 
Thus, an implanted ion profile can be obtained so that the 
implanted ions are displaced from the sidewall edges of the 
trench 22 by a distance approximately equal to the sidewall 
30 thickness of the dielectric layer 24. In particular, 

shallow and/or deep ion implants which are self-aligned to 
the edge of the active regions 26 can be obtained. The 



- 7 - 



actual profiles may differ from those illustrated in the 
drawings . 

A shallow implant, in other words, an implant with 
ion energies just high enough to pass through the dielectric 
5 layer 24 at the bottom of the trench 22, is advantageous 
because it is self -aligned to the trench edge and it 'is 
spaced away from the trench edge. Such a shallow implant 
can be effective as a field threshold voltage (V t ) implant 
to improve the electrical isolation between active areas 
10 separated by the trench isolation regions. In contrast to 
existing STI processes, which suffer from leakage from the 
active areas to the substrate, the present technique, in 
which the field implant is spaced away from the STI trench 

pi 

?0 edge and the subsequently- formed active areas, creates a 
yjl5 reduced doping profile at the trench edge. The reduced 
jg doping profile can result in a reduced electric field and 

{<£ reduced leakage. 

??? 

'fj Alternatively, or in addition, a deep ion implant 

n can be formed beneath the trench 22 with the implant having 

20 a depth at least as great as the depth of the dielectric 
pj layer 24. The range of such a deep implant can approach the 

u j! depth of the STI trench. Preferably, the depth of the ion 

k Q implant below the trench 22 should not be greater than the 

combined thicknesses of the pad oxide layer 14 and the 
25 sacrificial layer 16 plus the depth of the trench 22. More 
generally, the depth of the deep ion implant into the 
substrate should be in the range of about 10 to 100 percent 
the depth of the trench. Preferably, the ions are implanted 
to a depth in the range of about 20 to 8 0 percent the depth 
30 of the trench. The deep implant can be spaced away from the 
trench edge to reduce the leakage from the active areas to 
the substrate. A deep implant can form a deep isolation 
region without added substrate leakage which is advantageous 
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for applications such as CCD and CMOS imagers. In those 
applications, absorption of long wavelength light occurs 
deep in the photosensitive pixels thereby creating photo- 
generated carriers deep in the silicon that can diffuse to 
5 neighboring pixels. The presence of the deep field implant 
between pixels serves to collect the photo-generated 
electrons and thereby prevent them from being collected at a 
neighboring pixel site. The deep implant can, therefore, 
reduce optical cross-talk and help preserve the fidelity of 
10 the image obtained by the imager. 

In an alternative embodiment illustrated in FIG. 5, 
an oxide or other dielectric layer 24A with poor conformal- 
ity partially fills the trenches 22. In particular, a 

O 

,p relatively thick Si0 2 layer can be grown above the active 
j«Jl5 regions 26 whereas a relatively thin Si0 2 layer is grown 
m along the walls 2 8 and bottom of each trench. For example, 

!"* the thick oxide layer 24A above the active regions 2 6 can be 

m 

about two to four times as thick as the oxide in the 
a trenches. As before, the oxide layer 24A along the walls 28 

; :: ';20 of the trenches 22 can serve as a mask that prevents the 
flj ions from becoming implanted in the substrate in the 
WS vicinity near the edges of the trenches, and an implanted 
: .S ion profile can be obtained so that most of the implanted 

ions are displaced from the active regions 26 of the device 
25 10. A shallow boron or other ion implant can then be 

performed with self -alignment to the edges of the -active 
regions 26. Performing a shallow isolation ion implant 
while the trenches 22 are only partially-filled with a 
dielectric having poor conformality can be advantageous, for 
30 example, in the fabrication of DRAMs . 

Once the ions are implanted beneath the partially- 
filled trenches 22 as shown, for example, in FIG. 4, a CVD 
oxide 34 is deposited to fill the trenches completely as 
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shown in FIG. 6. After deposition of the CVD oxide 34, an 
anneal process can be performed to densify the oxide prior 
to CMP planarization. -The anneal process also serves to 
activate the field implants. 
5 Subsequently, the top surface of the device is 

planarized by an etchback process which can include, for 
example, a chemical -mechanical polish (CMP) . The top 
surface is etched at least to the sacrificial layer 16 to 
form a field isolation region 36 as shown in FIG. 7. 
10 Remaining portions of the sacrificial layer 16 are etched 
from the substrate. For example, if the sacrificial layer 
16 comprises silicon nitride (Si 3 N 4 ) , phosphoric acid (H 3 P0 4 ) 
can be used for the etch. The previously- formed oxide layer 
f i 14 is stripped and a new oxide layer 3 8 is grown as a gate 
U15 oxide (FIG. 8) . Alternatively, the oxide layer 14 can be 
JJ stripped and a new sacrificial oxide layer grown. The ions 
U would then be implanted through the new sacrificial layer 
^ which subsequently is stripped or removed. The new gate 
~ oxide 3 8 then can be grown. 

□ 20 Additional processes can be performed using known 

~5 techniques to complete an integrated circuit (IC) that 
|/1 includes active semiconductor regions separated by the 

isolation regions 36. Various types of devices can be 
formed in the active areas. Such devices include imaging 
25 devices, memory devices or logic devices. For example, the 
completed IC can include an array of light sensitive pixels 
for a CMOS or CCD imager, or an array of memory cells for a 
DRAM or other memory device. In other ICs, logic devices 
for gate arrays, microprocessors or digital signal 
30 processors can be formed in the active regions. The field 
isolation regions 36 can separate the active regions from 
one another. 



- 10 - 



FIGS. 9 and 10 illustrate portions of exemplary 
integrated circuits which include isolation regions 
separating active regions. The isolation regions can be 
formed using the techniques described above. 

Referring to FIG. 9, a stacked-cell DRAM 40 includes 
a semiconductor substrate 42 with multiple active regions 
44A, 44B, 44C separated by shallow trench field isolation 
regions 4 6A, 46B. Impurity-doped regions 52, 53 can be 
formed, for example, by a diffusion implanted process with 
the regions 52 serving as storage nodes for memory cells of 
the DRAM. Stacked gates are provided over the gate oxide 
layers 56 with nitride or other spacers 58 provided on 
either side of the gates. The stacked gates include a 
polysilicon layer 54 and an insulating layer 55. The 
insulating layer 55 can include, for example, a deposited 
oxide, a deposited nitride, or a composite stack of oxide/ 
nitride or oxide/nitride/oxide layers. In some implementa- 
tions, each gate stack also includes a silicide layer 
between the polysilicon layer 54 and the insulating layer 
55. The silicide layer can include, for example, a tungsten 
silicide, a titanium silicide or a cobalt silicide. In yet 
other implementations, the gate stack includes a barrier 
metal layer and a metal layer between the polysilicon layer 
54 and the insulating layer 55. Suitable barrier metal 1 
layers include tungsten nitride, titanium nitride and 
tantalum nitride. The metal layer can include tungsten, 
tungsten silicide, titanium silicide, or cobalt silicide. 
Polysilicon plugs 60 form the contacts to the drain and 
source regions 52 . 

Each isolation region 46A, 46B includes dielectric 
layers 48, 50 which are formed when the isolation trenches 
are partially and completely filled, respectively. Ion 
implanted regions are provided in the substrate 42 directly 



below the dielectric layer 48 and are formed according to 
the techniques described above. The ions implanted beneath 
the dielectric layer are displaced from the active regions 
by a distance approximately equal to the sidewall thickness 
of the dielectric layer 48. In some embodiments, that 
distance is at least about 100 A. 

In the illustrated integrated circuit of FIG . 9, 
capacitor cells comprise lower storage node electrodes 62, a 
cell dielectric 64 and an upper electrode 66. A metal 
contact 68 provides the electrical connection between one of 
the plugs 60 which serves as the bit line and a first 
metallization layer 70. An insulating layer 72 separates 
the first metallization layer 70 from a second metallization 
layer 74. The entire semiconductor wafer is covered by a 
passivation layer 76. 

Although FIG. 9 illustrates a stacked-cell DRAM, 
isolation regions formed according to the techniques 
described above can be incorporated into any other type of 
memory such as trench cell DRAMs, flash memory, embedded 
memory, electrically erasable programmable read only memory 
(EEPROM) , and the like. 

Referring now to FIG. 10, a photodiode type of CMOS 
imager 8 0 includes a semiconductor substrate 82 with 
multiple active regions 84A, 84B, 84C separated by field 
isolation regions 86A, 86B. The active regions 84A, 84B, 
84C form photosensitive pixels each of which includes 
impurity-doped regions 92, 92A, 92B. The region 92A serves 
as a floating diffusion region, and the region 92B serves as 
a photodiode. The floating diffusion region 92A is 
electrically connected to the gate of a source follower 
transistor 100 as shown in FIG. 10. 

Polysilicon gates 94, including a transfer gate and 
a reset gate, are provided over respective gate oxide layers 



96 with nitride or other spacers 98 provided on either side 
of the gates. In some implementations, additional layers 
are formed over the pol-ysilicon layer 94 to form a gate 
stack. Thus, a silicide layer or a silicide layer covered 
by an insulating layer can be provided over the polysilicon 
gate 94. The silicide layer can include, for example, a 
tungsten silicide, a titanium silicide or a cobalt silicide, 
and the insulating layer can include, for example, a 
deposited oxide, a deposited nitride, or a composite stack 
of oxide/ nitride or oxide/nitride/oxide layers. In yet 
other implementations, a gate stack is formed by a barrier 
metal layer and a metal layer provided over the polysilicon 
layer 94. Optionally, an insulating layer can be provided 
over the metal layer. Suitable barrier metal layers include 
tungsten nitride, titanium nitride and tantalum nitride. 
The metal layer can include tungsten, tungsten silicide, 
titanium silicide, or cobalt silicide. 

Each isolation region 86A, 86B includes dielectric 
layers 88, 90 which are formed when the isolation trenches 
are partially and completely filled, respectively. Shallow 
and deep ion implant regions are provided in the substrate 
82 directly below the dielectric layer 88 and are formed 
according to the techniques described above. The ions 
implanted beneath the dielectric layer are displaced from 
the active regions by a distance approximately the sidewall 
thickness of the dielectric layer 88. In some embodiments, 
that distance is at least about 100 A. 

Although FIG. 10 illustrates a photodiode type of 
imager, isolation regions formed according to the techniques 
described above can be incorporated into photogate, 
photoconductor imagers and CCD imagers as well. 

Other implementations are within the scope of the 
following claims . 



What is claimed is: 

1. A method of fabricating an integrated 

circuit, the method comprising: 

forming an isolation trench, having a bottom 
and sidewalls, in a semiconductor substrate; 

partially filling the trench with a dielectric 
material so that the sidewalls and the bottom of the trench 
are coated with the dielectric material; and 

implanting ions into the substrate in regions 
directly below the isolation trench after partially filling 
the trench with the dielectric material. 

2. The method of claim 1 wherein implanting 
ions into the substrate includes bombarding the substrate 
with ions at an energy such that the dielectric material 
along the sidewalls of the trench serves as a mask that 
prevents ions from becoming implanted in an area of the 
substrate directly below the sidewalls. 

3 . The method of claim 1 further including 
filling the trench with a dielectric material after the ions 
are implanted in the substrate below the trenches. 

4. The method of claim 1 wherein substantially 
all of the ions implanted below the isolation trench are 
displaced horizontally from sidewall edges of the trench. 

5. The method of claim 1 wherein partially 
filling the trench includes growing an oxide material. 

6. The method of claim 1 wherein partially 
filling the trench includes growing a layer of silicon 
dioxide . 
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7. The method of claim 1 wherein partially 
filling the trench includes depositing the dielectric 
material by chemical vapor deposition. 

8. The method of claim 1 wherein partially 
filling the trench includes thermally growing the dielectric 
material . 

9. The method of claim. 1 wherein partially 
filling the trench includes: 

thermally growing a dielectric material; and 
depositing an dielectric material by chemical 
vapor deposition. 

10. The method of claim 1 wherein the 
dielectric material has a sidewall thickness less than about 
forty percent the width of the trench. 

11. The method of claim 1 wherein the 
dielectric material has a thickness of at least about one 
hundred angstroms . 

12. The method of claim 1 wherein implanting 
ions includes implanting ions of a particular type of 
conductivity into regions of the substrate having the same 
type of conductivity. 

13. The method of claim 1 wherein implanting 
ions includes performing a shallow implant to establish a 
field threshold voltage. 



14. The method of claim 1 wherein implanting 
ions includes performing an implant whose depth into the 



substrate is greater than the thickness of the dielectric 
material at the bottom of the trench. 



15. The method of claim 14 wherein the implant 
has a depth into the substrate which is in a range of about 

5 10 to 100 percent the depth of the trench. 

16. The method of claim 14 wherein the implant 
has a depth into the substrate which is in a range of about 
2 0 to 8 0 percent the depth of the trench. 

17. The method of claim 1 wherein implanting 
10 ions includes: 

performing a shallow implant to establish a 
y field threshold voltage; and 

J** performing an implant whose depth into the 

jjll substrate in a range of about 10 to 100 percent of the 

Wll5 trench depth. 

G 18. A method of fabricating an integrated 

circuit having a plurality of active regions separated by 
IJi field isolation regions, the method comprising: 

^ etching the substrate to form trenches 

2 0 separating the active regions from one another; 

partially filling each trench with a first 
dielectric material so that sidewalls of the trench are 
covered with the dielectric- 
directing ions at an upper surface of the 
25 substrate after partially filling the trenches with the 

dielectric material so that ions are implanted in regions of 
the substrate below the partially- filled trenches; and 
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substantially filling unfilled portions of the 
trenches with a second dielectric material after the ions 
are implanted in the substrate below the trenches. 

19. The method of claim 18 wherein partially 
filling each trench with a dielectric material includes 
forming a dielectric layer whose thickness is substantially 
conf ormal . 

20. The method of claim 19 wherein forming a 
dielectric material includes depositing the dielectric 
material by chemical vapor deposition. 

21. The method of claim 19 wherein forming a 
dielectric material includes thermally growing the 
dielectric material. 

22. The method of claim 19 wherein forming a 
dielectric material includes: 

thermally growing an oxide material; and 
depositing an oxide material by chemical vapor 

deposition. 

23. The method of claim 18 wherein partially 
filling each trench with a dielectric material includes 
forming a dielectric layer over substantially an entire 
upper surface of the substrate, wherein the dielectric layer 
has an average thickness in regions above the active regions 
that is greater than its average thickness in the trenches. 

24. The method of claim 23 wherein forming a 
dielectric material includes depositing a dielectric 
material by chemical vapor deposition. 
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25. The method of claim 22 wherein forming a 
dielectric material includes: 

thermally growing an oxide material; and 
depositing an oxide material by chemical vapor 

deposition. 

26. The method of claim 18 wherein partially 
filling each trench with a dielectric material includes 
providing a dielectric material along sidewalls of the 
trench such that a sidewall thickness of the dielectric 
material is less than about forty percent the width of the 
trench. 

27. The method of claim 18 wherein partially 
filling each trench with a dielectric material includes 
providing a dielectric material having a thickness of at 
least about one hundred angstroms. 

28. The method of claim 18 wherein directing 
ions at an upper surface includes implanting ions of a 
oarticular type of conductivity into regions of the 
substrate having the same type of conductivity. 

29. The method of claim 18 wherein directing 
ions at an upper surface includes performing a shallow 
implant to establish a field threshold voltage. 

30. The method of claim 18 wherein directing 
ions at an upper surface includes performing an implant 
whose depth into the substrate is greater than the thickness 
of the dielectric material at the bottom of the trench. 
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31. The method of claim 30 wherein the implant 
has a depth into the substrate which is in a range of about 
10 to 100 percent the depth of the trench. 

32. The method of claim 30 wherein the implant 
5 has a depth into the substrate which is in a range of about 

20 to 80 percent the depth of the trench. 

33. The method of claim 18 wherein implanting 

ions includes: 

performing a shallow implant to establish a 

10 field threshold voltage; and 

performing an implant whose depth into the 
O substrate in a range of about 10 to 100 percent of the 
iTi trench depth. 

!::::» 

34. A method of fabricating a device having a 
lit 5 plurality of active regions separated by field isolation 

yj regions, the method comprising: 

H forming impurity-doped regions in the active 

]*] regions; 

JJij forming isolation trenches in the substrate to 

separate the active regions from one another; 

partially filling each trench with a dielectric 
material so that at least sidewalls of the trench are coated 
with the dielectric; 

implanting ions in regions of the substrate 
25 below the trenches after partially filling the trenches with 
the dielectric material; and 

substantially filling unfilled portions of the 
trenches with a dielectric material after the ions are 
lmolanted in the substrate below the trenches. 



W2 0 

|0 
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35. The method of claim 34 wherein implanting 
ions includes performing a shallow implant to establish a 
field threshold voltage. 

36. The method of claim 34 wherein implanting 
5 ions includes performing an implant whose depth into the 

substrate is greater than the thickness of dielectric 
material at the bottom of the trench. 



37. The method of claim 36 wherein the implant 
has a depth into the substrate which is in a range of about 
10 10 to 100 percent the depth of the trench. 

Ft 

'2 38. The method of claim 36 wherein the implant 

yj has a depth into the substrate which is in a range of about 

2 0 to 8 0 percent the depth of the trench. 

f fj 39. The method of claim 34 wherein implanting 

15 ions includes: 
G performing a shallow implant to establish a 

ijijj field threshold voltage; and 

111 performing a deep implant whose depth into the 

™ substrate is in the range of about 10 to 100 percent the 

20 depth of the trench. 

40. The method of claim 34 wherein forming 
impurity-doped regions in the active regions includes 
forming storage nodes for a memory device. 

41. The method of claim 34 wherein forming 
25 impurity-doped regions in the active regions includes 

forming photosensitive elements for an imaging device. 
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42. The method of claim 34 wherein forming 
impurity-doped regions in the active regions includes 
forming active elements for a logic device. 

43. An integrated circuit comprising: 

5 a semiconductor substrate including a plurality 

of active regions; and 

a field isolation region separating active 

regions ; 

wherein the field isolation region includes an 
10 area filled with dielectric material, wherein ions are 
implanted in a region of the semiconductor substrate 
directly below the dielectric material and wherein 
O substantially all the ions are displaced away from the 

ihj active regions. 

.: ;.:K. 

fj 15 44. The integrated circuit of claim 43 wherein 

U1 the area filled with dielectric material includes first 

^ dielectric regions forming sidewalls of the dielectric- 

O filled area, wherein ions are implanted in a region of the 

Wl semiconductor substrate directly below the dielectric-filled 

In 20 area and wherein substantially all the ions are displaced 

*fi from the active regions by a distance approximately equal to 

m a sidewall thickness of the first dielectric regions. 

45. The integrated circuit of claim 43 wherein 
substantially all the ions are displaced from the active 

25 regions by at least one hundred angstroms. 

46. The integrated circuit of claim 43 wherein 
the active regions include elements of a memory device. 
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47. The integrated circuit of claim 43 wherein 
the active regions form photosensitive pixels. 

48. The integrated circuit of claim 43 wherein 
the active regions form logic devices. 

49. The integrated circuit of claim 43 wherein 
the implanted ions have a conductivity type the same as the 
substrate . 

50. The integrated circuit of claim 43 wherein 
the implanted ions establish a field threshold voltage. 

51. The integrated circuit of claim 43 wherein 
the ions are implanted into the substrate below the 
dielectric-filled area to a depth in a range of about 10 to 
100 percent the depth of the dielectric-filled area. 

52. The integrated circuit of claim 43 wherein 
the ions are implanted into the substrate below the 
dielectric-filled area to a depth in a range of about 20 to 
80 percent the depth of the dielectric- filled area. 

53. A memory device comprising: 

a semiconductor substrate including a plurality 
of impurity-doped regions serving as memory storage nodes; 

a field isolation region separating adjacent 

storage nodes ; and 

capacitive cells provided above the field 
isolation region; 

wherein the field isolation region includes an 
area filled with dielectric material including first 
dielectric regions forming sidewalls of the dielectric- 
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filled area, wherein ions are implanted in a region of the 
semiconductor substrate directly below the dielectric-filled 
area and wherein substantially all the ions are displaced 
from the active regions by a distance approximately equal to 
a sidewall thickness of the first dielectric regions. 

54. The memory device of claim 53 wherein the 
implanted ions establish a field threshold voltage. 

55. The memory device of claim 53 wherein. the 
sidewall thickness of the first dielectric regions is less 
than about forty percent the width of the isolation region. 

56. The memory device of claim 55 wherein the 
first dielectric material has a sidewall thickness of at 
least about one hundred angstroms. 

57. The memory device of claim 53 wherein the 
implanted ions have a conductivity type the same as the 
substrate . 

58. The memory device of claim 53 wherein the 
implanted ions establish a field threshold voltage. 

59. The memory device of claim 53 wherein the 
ions are implanted into the substrate below the dielectric- 
filled area to a depth in a range of about 10 to 100 percent 
the depth of the dielectric-filled area. 

60. The memory device of claim 53 wherein the 
ions are implanted into the substrate below the dielectric- 
filled area to a depth in a range of about 20 to 80 percent 
the depth of the dielectric- filled area. 
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61. An imaging device comprising: 

a semiconductor substrate including a plurality 

of photosensitive pixels; and 

a field isolation region separating adjacent 

pixels ; 

wherein the field isolation region includes an 
area filled with dielectric material including first 
dielectric regions forming sidewalls of the dielectric- 
filled area, wherein ions are implanted in a region of the 
semiconductor substrate directly below the dielectric-filled 
area and wherein substantially all the ions are displaced 
from the active regions by a distance approximately equal to 
a sidewall thickness of the first dielectric regions. 

62. The imaging device of claim 61 wherein a 
sidewall thickness of the first dielectric regions is less 
than about forty percent the width of the isolation region. 

63 . The imaging device of claim 61 wherein the 
implanted ions establish a field threshold voltage. 

64 . The imaging device of claim 61 wherein the 
ions are implanted into the substrate below the dielectric- 
filled area to a depth in a range of about 10 to 100 percent 
the depth of the dielectric-filled area. 

65. The imaging device of claim 61 wherein the 
ions are implanted into the substrate below the dielectric- 
filled area to a depth in a range of about 20 to 80 percent 
the depth of the dielectric-filled area. 
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66. The imaging device of claim 61 wherein the 
implanted ions include: 

shallowly implanted ions that establish a field 
threshold voltage; and 

ions implanted to a depth into the substrate 
which is in a range of about 10 to 100 percent the depth of 
the dielectric-filled area. 



67. The imaging device of claim 61 wherein the 
implanted ions have a conductivity type the same as the 
substrate . 



Abstract of the Disclosure 
A method of fabricating an integrated circuit 
includes forming an isolation trench in a semiconductor 
substrate and partially filling the trench with a dielectric 
material so that at least the sidewalls of the trench are 
coated with the dielectric material. Ions are implanted 
into the substrate in regions directly below the isolation 
trench after partially filling the trench with the 
dielectric material. The dielectric along the sidewalls of 
the trenches can serve as a mask so that substantially all 
of the ions implanted below the isolation trenches are 
displaced from the active regions. The dielectric along the 
sidewalls of the trenches serves as a mask so that 
substantially all of the ions implanted below the isolation 
trenches are displaced from the active regions. After the 
ions are implanted in the substrate below the trenches, the 
remainder of the trench can be filled with the same or 
another dielectric material. The trench isolation technique 
can be used to fabricate memory, logic and imager devices 
which can exhibit reduced current leakage and/or reduced 
optical cross -talk. 



4 3 3 6 0 . Nl 1 




F i£. a 




F)fr. S 




I 



PATENT 

ATTORiNEY DOCKET NO: 07653/020001 



COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named in\entor, I heieby declare that: 

My residence, post office addiess and citizenship are as stated below next to my name, 

I believe I am the original first and sole inventor (if only one name is listed below) or an original, first 
and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled TRENCH ISOLATION FOR SEMICONDUCTOR DEVICES , the 
specification of which 

■ is attached hereto. 

□ was filed on . as Application Serial No. 

and was amended on ■ 

□ was described and claimed in PCT International Application No. 



filed on and as amended under PCT Article 19 on 



I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose all information I know to be material to patentability in accordance 
with Title 37, Code of Federal Regulations, §1.56. 

I hereby appoint the following attorneys and/or agents to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: Michael L. Lynch, Reg. No. 30,871; Lia M. 
Pappas, Reg. No. 34,095; W. Eric Webostad, Reg. No. 35,406; Charles B. Brantley II, Reg. No. 38,086; Samuel 
Borodach, Reg. No. 38,388; Victor Siber, Reg. No. 27149; Stephan J. Filipek, Reg. No. 33,384; John B. Pegram, 
Reg. No. 25,198; William J. Hone, Reg. No. 26,739; Frederick H. Rabin, Reg. No. 24,488; Richard P. Ferrara, 
Reg. No. 30,632; Gabriel P. Kralik, Reg. No. 34,855; Andrew T. D'Amico, Reg. No. 33,375; Andrew N. 
Parfomak, Reg. No. 32,431. 

Address all telephone calls to Samuel Borodach at telephone number 212/765-5070. 

Address all correspondence to Victor Siber, Fish & Richardson P.C., 45 Rockefeller Plaza, New York, 
NY 10111. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patents issued thereon. 

Full Name of Inventor: Howard E. Rhodes /'^^sf { ^ 

Inventor's Si g namre ^^^^ > Date: January [5 , 

Residence Address: Boise. Idaho 



Citizen of: United States of Amenca 



Post Office Address: 631 E. Ridue field Dr.. Boise Idaho 83706 



45747 Ml 



Reused \ugusi 24 1 9Q4 (?<5 1 DECL MRG) 



